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nlu the pa., laborator) simulators have, because of technical lihltations, usually been ire-

trieted to reproduice isohated egmentls of" te operational environment.neu ,c Tanet ghe neration

of sinmulators %ill proihle the abilit) to create the high-unagnitude, complex accelerations

(of operational etnvirounments for exploration of the hboniechanles, physiologic, and perform-
ance chaniges resulting front cxpy.sure of humans and animals to those envionments A six-

degree-of-freedom motion device, operating in the 0-30 eps range to produce complex vibra-
tions with peak loads up to i*J5 $q, a d) namie pressure chamber (that will create sound pres-
stre fl&!ctuatlons of up to 172 *6 :n the 0-100 eps frequency range), and a dynamic escape
.simulator (a sophisticated eekstrifugt) Oiat will permit supraposltioning of sustained accelera-
tion of uop to 20 g's with high-mugnitude, complex, angular and linear motion and a wide
range of atmospherie pressures and temperatures are now under construction. A design study

on a horizontal impact research device has been completed. Tile specific design character-

istics and performance range of these davizds are compared-to the environments produced by
- -: operational conditions and to existing laboratory simulation-facllitles.

4: .-

Introduction lators presently being used and those of the next generation
being planned-foir use in the biodynamics research program

rVHE operational acceleration enviroinrents generated by at the Aeroipace Medical Research Laboratories (AMRL).
I1. flight in aerospace vehiclesrange from prolonged periods

of weightlessness to extremely brief, high-mrgnitude impact
forces tesultifig from ground landing. Complex linear and Environments and Simulator Requirements

- angular vibraiionsare-produced eithet singly or in combination t
and may be superimg.osed-on sustaind -actelratibns such-as The operamtoai environments and thus the mechanical

tliose:producedtby boosteireeckets. Infrns&nic noiseof:high forces to which arospace crewmen are exposed are extremely (
level and airburnebhosger-induced vibrations are alsG part variable, depending on sueh factors as type of aircraft or
of- the eni ronniefitaliproblen•s produced by large vehicles, spacecraft, stage of flight,- atmospheric conditions, landing
'The effects of such mechanical forces on man have Veen studied conditims, etc. Lmiti of exposure -to mechanical forces are
mostly under conditions limited by -the 'type of simulators usually considered under two broad overlapping eategories:
available, not 'by theoretical dr- operational problem areas. normal dnd emergencyopelrations. In the first case, man is
CDynamic •imulators have tended -to jitoduce a single'or,, at expected to function as a useful part of the aerospace system.
most,-a.few segments of the ictual-operational-environment Under emergency conditions, manamay be exposed to forces
.because of expnse, difiiculty and comple.sit3 of'sintulation, of sufficient magnitude to cause serious concern for survival.
-whereas they occur simultaneously under ,pemratfinal con- Figure 1 show&l how, with current simulator capability,
ditiofis. In mamy-ceaes, they are-ebuobined i~ith other en- the complex operational forcep eiionv ent has been subdivided
vironmental stimuli such as extremes in t•enperature or pres- for simulaiioii of its.-cmpoineents and for study of its effecta.
"sure qo toxic atmosphericcontaminafits. For the most part, The major division of forces is into a) those which are trans-
the physiologic effects of these• iultienviroamental stresses ai mittet by the strudture to the man, usuglly measured as so-
Svtllbs the resulting influence on psrformance ability have not eekratian and b) those transmitted by the air or liquid sur-

t Leenstudihed The limited'data whichnare-available indicate roundln&the-i ,, u6siall~y measured as pressure or velocity.
strong., interacting effects front the variuous segments-of the Thip cojfpldy ceceleration is separated into its linear and an-
over-all envi ronment? gulartpariand thph into periodic and nonperiodie components.

This-paper describes-the types of c•umplex force environ- A final ,f'iviaiot based on overlapping frequency rangýs pro-
iments to which creWmen in aerospame vehicles nwa t', exposed. duces a tgirtcat of the original environment which can be

It also discusses the coTmpondiaigsimulator requirements and related to on of the existing aimulator techniques. Forces
resth nctioalt of he •imu transmited , y air or liquid are -imilarly subdivided. The

briefl -uescraubzs the fu ctal carateristics ofte-mu ide'hl-lmuhtor-would geneatil-any combination of the forces f
-a G Presented as •.-eprint 08-270 at the AIAA/AFLC/A8D) ii..g. A, but itWwould be imnpraotic•ly complex. This see-

2Z. buppo'r for Mfiinned Fhight _ Cnference, U05 ton, Ohio, April 4tie& pi'iesnAq a LUref desenption of ,*me operational aero-
vi 21423,,iV6.5, suwtimted .Nay 8, 11W3, revisiont ruceaved-J~ut apaceý voud~u~ots. ORt retcmPlr force e..A ironmnents.

, e Ne edin this Paper % iuc dd eeq gta a#dntradeoffs, that are con-
1O'ce persnonnel -of, the-4erospacc Medical Ileseareb tbora3ories.s,%a.avga rowl e~nciei o e im

P• So o0 Aroespae $ledtc4 Puvisida, Air Force Systems Comniil, -d b Lfl...h...
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b.-' : Cta, Ue • Air rorce,:wVawirniwsntid 'E!ngipia i bn-h. f " " " 'o ng &nd next generation
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S... . quency range below 20 eps, which is of major concern since
-I. .. this is the range of maximum sensitivity of the hunian-body.7

Under normal conditions, these vibrations are at a level that
S"permits normal crew function. Under non-nominal conditions,

booster engines may generate vibrations, usually transmitted
along the long axis of the vehicle, sufficiefit to interfere with
visual and motor performance of the crew. In emergencies,
"vibration may be severe enough to cause concern for injury.
The stage of flight in which these vibrations occur varies
with the system. For instance, in the-eaily evaluation of
.Titan II for use as the Gemini launch vehicle, low-frequency

~'~*' ~ oscillations in the booster pumps p~roduced unacceptably high
longitudinal vibrations aftera pproximately 90-see burning
time; this situation was later corrected.8 Longitudinal vi-

'' ,brations of the booster may produce muitidirectional vibra-
tions of spacecraft structure with unpredictable phase differ-

-,_C IW ences between crew support system and the display.
The noise environment for most current boost systems has

Fig. 1 The force environment of man (Ref. 1). been documented by Cole et al. There are two general
sources of noise during booster burning. During the initial

at these low eltitudes can be quite severe. Depending on the phase of burning on and near the pad, the major noise aource,
aircraft, the resulting acceleration environment in the cock- is the propulsive gas flow undergoing turbulent mixing with
pit can also be severe. The general problem has been stated the atmosphere. The frequency of this noise, as with vibra-
succinctly by Notess,' who discussed the relation between the tion, is reduced as the diameter of the booster increases. As

gust environment, the response characteristics of the air- aerodynamic pressure increases with increasing speed, tur-
plane, and the effects on pilot performance. Figure 2 shows bulent eddies over the surface of the vehicle induce a vibration
a power spectrum for the input gust velocity and, depending in the wall of the vehicle which is transmitted as noise to the
on the aircraft ride quality, the types of aceleration spectra it crew station. As aerodynamic pressure decreases with
generates at the cockpit.2 The peak in the gust velocity altitude, this noise is reduced. With very large boosters,

spectrum is at less than 1 cps; cockpit acceleration spectra there is a peaking in the frequency spectra from the booster
cnhiiillttle energy above 10 cps. Most acceleration spectra in the range under 100 cps. Very large super rockets such

peak at less than 5 cps. as NOVA may, in fact, produce their maximum noise energy
Previous turbulence measurements were mainly of vertical in the infrasonic range, i.e., at less than 20 cps. The crew-

gusting since the most sensitive (wing) surface of the aircraft station ambient noise level and its effect on performance are
is affected by-this normal loading. There is recent evidence influenced by such factors as spacecraft attenuation and per-

that lateral gusting is also eritical in terms of both aircraft sonnel protective equipment.
and pilotloading. The actuali mt Although not presented in detail here, similar environmentsand iiotbadig.• he atnalaircraft motion is quite com-
plex, encompassing five degrees of-freedom (lateral and ver- with varying magnitude of components are generated during
tical translation', pitch, -rol, and yaw). As automatic con- re-entry of the spacecraft. The potential thermal stress
trol systems for terrain following improve, the aircraft more from this phase of flight is well known.
clol.ye follows the grourd and, in so doing, generates ma- The effect of boost and re-entry multienvironmental stresses
ckosely follows whe in addin to any generespos- described previously have not yet been studied in completeneuvering loads w~hich have, in addition to any gust response, lbrtr iuain.Ol eylmtdsuiso h f
spectra with-maxima between 0.01 and-0.1 cps.3 This is the laboratory simulations. Only very limited studies of the ef-
frequency range where man is most vulnerable to motion fect of Vibration combined with sustained accelerations have

sicknei.'4 Since mbst aircraft environmental control sys- been made.iO
A( tems do not-function optimally at-low altitudes, the cockpit

temperature and humidity are often poorly controlled, ex- Escupe from High-Performance Aerospace Vehicles
posing; the drewmen to -serne degree of thermal stress. As Escape systems are designed to expose man to the maximum
the speed and'duration of low-altitude high-speed flight are permissible limits of force in order to effect the best possible
increased, the -performance requirement on the crewmen in-
creases, and -the effect of fatigue is added to the over-all
pioblem. The effects, of the-complex vibrations combined e"o' ,with t~rraln'foowlig mianeuver loads and-'other environ,- ItII!1.

-imital stresses liv6 not been studied under controlled con. ý-'-4 £ditions;(nither'--hs the effect of projected longer duration of 6 1.* 1'

low level misstions). vicFIC

Large boosters .for manned 8pace~flight produce staged au-
celefations; vibrtion from booster motors and iirodynamie
loas', -a'nd ac'ousit'ic noi~se that may~be either booster-induced - cc--
(affetfing both.launch and flight ,crews) or-aerodynamically
Kidiilucd- (affecting oidy ,t•e•flight crew). Althouh. current 2 t -

Qiiiista ed. booster euigines generate sustained apcelerations ,*Ij thVarelnoddst enough to perimitxian's performing in a near
norid isuethe are system peiformnci(.e advantages it PIMAE A
inceasing the peak sustaiued acceleratiion by a factor of 2 or
,31fo.rutire solid-fuelboostcrs capable ofcarrying manmed

spccrf-izdpYloads.6.1 FRE6NCY-CP
In geerai;-thi cirgerthe-booster, the lbwer the frequency of 2P rea oll

AVibiatioin.. Large bobstiers geierate- vibrtions in the frm Fg. 2 Power spectra for low-altitude fllghe(Ref. 2).
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Ou umj ull 1rui 1,1C teParen~t VOWiei. '111s (4weids impacting IWUSHi £1401ONc 2-9 KMa oocups wAS 4Mithe vehicle dter separntion oz expos5ure to the-fireball or blast ~M~l A I 50 umueffcts and, in the ease of low-altitude ejectioni, provideA ade- ~
quate trajectory for depi~oymeit. of the parachuto. Almost Zý- .~ -. t
al! practical escape systems will, uader the extremes of en- 7
vironmiental and-fwietional conditions, aspose the erwaewne~ 2
to fo.-ces in excess of those believed toterabl' without inj;-ry. P'
The conplex sequence of accelerations Are producorl by-: ----1) forces required to catapult thc esceape device fromi the parent ---

vehicle;- 2) sudden reduction in velocity whish occurs as it,, .it--'-,(lcc'derates and, in open seats, the windblast, forces atilng I -directly on the body; 3) large-amplitude angular oscillations -. 77
or rotations resulthig from the dlevice, soeeking it tbenro- O~~
dynamic orientation; 4) angular accelleration and spinning 45~_
producced during -free fa1; 5) transient furces p~roduced by
parachute opcnifig lod;and,)) the terminal ground land- 450*.
ing impact, aods

The type of initial acceleration time history produced -by -

eject'ion in a modern eacape system is shown in Fig. 3. This -twas a test ejct~ion o: tlhe D-58 escapa capsule from a test air- 0 LO 2.0 &.0 4.0craft at an. altitude of 14',=~ miles and a speed of MNach 1.6. Tn-Mcl
This ejection, conducted prior to major ievisions in capsule W79 MMU WAN= RT WP~MU IDAAW WAA
eonflguration,-1 produced an accelerationL time hist6-y (re- Fig. 3 Capsule acceleration-tOmc history (Recf. 11).corded at the headmest of the seat) that resulted in, injuries
to tL~e bear subject severe enough to regard-thia An una~reet
able environment for mian. The initial G." imipulse reflects the 213a5 escape-capsule as recorded at its center ofgraOvity
firing of thce roecket-c-atapult. Almost immecdisitely after this, during an impactonto hard clay.1" Crash linding of~rircraftthpe apsule's, fl.'ight becamec unstable, producing severe pi tch- p~rodu~es similar complex patterns associated with miuch- ~ i~ag and yawing with resultiuig largeiamplitude-loads in the X larger velocity changes.a nd Y axes. At the same time, X-aals ba aledaa-
moot -40 g. The miajor portion1 of the ev'eire loads subsided Sm~~in approximately 1.5 see af ter'ejection. - - .r equironients

The magnitude of forces g-enotting 'the- escape environ- Figure 1-ifidicates-the types of simulators currintlý avail- jment depends on a nim er of initial conditionls such as-air- al ytesgeto h pitoa niomn tecraft 4,spaceeraft) speciý, altitude, orientation of-the vehicie coi'er. Thiese siniulators for~biodynamnics researc fall uz-Wderwith respect to the wind, type of escape system, aieodynalnia th eira ae40i fcetiues matdeyies iirpressure, etc. The blast and fireball enironmesit is obviously vibrition,,devices; angular oscillators or spin table;, and preii-.niore severe yith, spacecraft where the quantity of-explosive sueo'eoit ~rtr~ Low-lidehgkje fgtmaterial is much greater. Most o f he possible com~plex simulators- require- extremely large ais~ilaccment' sipnplitde
comibinations of ~irjar and angular accelerations have not yet to produce -the low.4rquehcy high-aii~plitude acelelrgW6nsIbeen siudied under liaboi~atory conditions. -n-tey hould produce mrultiple degree-ofkreedoM mo't!o~iid be apobe o eled 'op operation., fimulathrsi 'fa"ro.und L dinng lhiirnct the boost and reý-antry ph"e of spac fligtfilioiuld- be ble to

Se-veral nefiapsulatod escape systemis and current spie Croduceta cloisibnto f utiedaclrtonadvbcraftý descend to the eaiih by parac~hu~te and iinpact.12 As Vinwt lslo oto apbltautci&~,~__ *~P the Atntespherie atd. temperaiuire extremes posil ntropixsd to wearing a 1cremnuel parachute whcen- di thvialemaanu'sf occrf evrnmna coWWro sstbu,
external- attenuation m-ust -be provided for the cap~iule to Ecp mltr
bWing the impuLzive velocity change to an socceleraiion time nient as nearly as possile although sit preents fno pls -forhistory below inju -1imits fuorima, The- resultant velocity fuhasultreit n uretcmlt iiuainf hange aria.es from~ teinilnal vertical velucities kparachute, sink maust be edb~ductod. in flight teats. Impact simulatorit hould-
rates) o proxi-nstelSv 10 in/sec and horikontal velocities, pouepoie ihVlct lagssmltn prtoaf Om ufac winds oPu 1-2r/e.Teoetto conditions; they should -also slimulate the midWiditeettona

frbqit torci~ins measur the 10bjct2 perormcc abiit orintaion
olthe veil cih imspact toccurfaein is. usallyr~and om-s duringnotfumlngtioniialaiiy is heprneconer teso 1tte ietog o-h rsl antvenuaitio preside t d- evrnet~i otatt hs eurmnoi h .eandth rpprt ndretriri sstm.Mos oertina enipmved l et~onmrs and sim ulactore s fo pyiooicmisIngems wll, uandomr Thae ipct o rce tons iwhich impadiwi t pc1r~e -ct~riei, uleain s nas reqttieelesufficien surface wto oraur tnzte subject'son producingiý abomisdplendacenrtonm these vriabes awellirscton a!nd asitue trle eiiios Teecow ofmuatr ar Aneed
aebthe a functiaon ofic ~imaA ccrs i~e.,aplero schandig iipac omaur h uultv fecs-lolenzoduc fw- ipats te prese ofithetiatior. aceiraton of ed enviroments oh 16nttt the blt ~cewme 0 equrfomenactual efis ~-for~ -nrvd etviin uratesimulator~ps for,~ oidinda tyshe suppor ftiii retri4sytsm grousd baled J

wil fore new crews cniln,-twit m twthdpcatnd ts n titdary Mpinsb
sufiient-r -oat e v' mTO snd 'r-a i'tW- I -lratq4 all."~ - tee-oni- xsig elnooyisii
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11rzna 3ER-5 -.16 MO of body response to more complex operational enivironmniits.
DOPAT E O O-S/O8 to e0~t-~~ Thc square wave is a useful transient inpiut for theoretical
SUBECT- SUZUKI Aftitoda . Feet f-Nwctd toMWel studies because of its rich frequency content. Rtevently deC-

voloped models indicate a relationship between body size and
specific body resonances.' This in turn predictsi the shape of
"tolerance curves" of peak g or peak pressure vs duration of

CAPSULE the force input for man and a varicty of experimental animals.
TRANSVERSE0 7 Validation of these models is most efficiently done by testing

,/,Pak G37.4near the inflection points of the curves for various experimen-
NO 0 z11.4 tal animals. The need for thies3 tes's forms the lbas:s for

SUBJECT ________obvious simulator rr'quirenients with future emphasis (in
LATFERAL simulation of multidirectional environments.

Existing and Plaitned Siiiiulators at AMRL,

0PNL2'ýPa 37.4 more recently become operational, somne are now und~r con-

.struction, and some are still only uinder decsign. rThese (de-
SUBJECT vices fall generally into the categories of impact simulators,

TRANSVERývsbration simulators, a complex (including sustained) ac-
celeration device, and airborne pressure generatois. Not de-

Z Pock 0:x43.5 scribed further are the AMRL altitude chambers with as-
sociated expllosive decompression equipment and the ANMRL

CAPSLE eakG z111sp~in table. (Reference 16 summarizes simulators at other
labsiiatories).

Peak OzJ3. mpuict Lievices

SUBJECTVertical deceleration tower'

Sigure 5A0 shw ujc etdi n ftesvrlcn
MO.Lo 3090' figurations which can be hung from the cantilevered arm

of this free-fall drop tower. 'The arm is part of a vehicle that
SEA* is raised by hoist to drop heights of up to 12 mn to provide
PAN terminal velocities at impact of up to 15 ni/see. Also a part

of this vehicle are interchangeable tapered plungers which free
fall with the payload (guided by the two vertical rails) after
release. These plungers displace water from a filled cylinder
functioning as the brake that regulates the parameters of the

-Flu 4 Grouii.indhidlg liupict~ilnhe 0-48 escape eapauto-
i(ef 4).

quirements.aiid~btidget. It. is a reasonable -generalization,
however,.diui.tt6r de~gee of fidelity in rmulating the comhplexh
operathtria-nhereite inversely related
to the. degm - sof qhfisticaiiofi of~simulation of otherparts
of. thie_-opeisa -n*vir-d-Ament., i.e., moving bas (displays.;
ete.. Simiilatioii 4o Vereironmental, paranieters, s.tch as
exi~rem~s o6f' a~t-mos'pheria pressure and' temperature, is, In

£itself[a ormidbl ts n ed bas simulator's. It becomem
aueyven~ sore prdigxiousts with large-amnplitude, moving

'Teepnse ofcomplex.simnulatorsvwith multiple, degrees
off~ii ver a ide range of-amplitudes and frequencies -

iasfiýWietstht thive nation~al requirement will often, only
sujji~ttheeat f oreortwoofa ype. It is~therefore uc-

saythiat ma.tudn u~nYY-6rsatMty in performance and function be

6ltained, _ _nom~ ihere is a strong tendency, if
nbt a,.cerAiinty6f.f tqinifig iomplexity. in direed pr-pdrtion
tp6 veraiit -fuW.Ritii thief finh dahgei. in.sacrifice of saety of
opsrtni for ihe lutiiin. Sickdevices requtre the 6rmploy-,

merit ~ ~ ~ -1t osoeyjof"ilafe" system to assure control
wintlifiipros Jhn1Wifi ad iii6 ability oeihr the. suibject o

nin~orgyh infiwt-.66 aotthe tesi at any time
'A- rad'eate iniAily,bi t4ierxists aiiiiwill &ýhtinuaet6 exit

'th~inroduce- very6- ' r full yeni vrolkd,'precise

j 14owrzfliforthe urpse-f vaidaion f tebrtical bio.~

Yor examje, Ahe steady-state sinsidýWal Vf vibitoisirulius

ý4 heIput ii treJ ̀ ;~tL_ measwhdu'ietnent of whole body m'e-
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(ICcleration-time history. fly changing plunger shape and
varying the diameter of the water-filled cylinder, a variety of
acceleration-time histories can be produced. For any comn- ij
bination of plunger and cylinder orifice, increasing drop -
height increases peak acceleration and decreases duration of-
impact. Position of the subject under the cantilever- can be -

varied to p)roduce different orientations of impact. the de o- ~ -~-

vice has a maximum l)cak acceleration limiitof.50g9swith-mant~-I
sized p~ayloads.TI
Hlorizontal impact regearch device

Trhe preliminary design study for this device is -completed.Ii - i
provide many of the features required to study the dperaAo' Ml
problems discussed previously. It will be a horizonttal track,-
approximately 79 as long, with capability for producing
both initial and terminal impact. An impulsive pcsitivc ac- 1--w ýLAWMzqr60L UM-A k-tý SM
celerator will p~roduce initial impact time histories with. puize -- ms'(uM ti.coiz .&i'
durations from 20-200 ms~c. For terminal impacts, an air ITMMIC VO"L UNION Maz M-IoLil LSSD..' S ~w

*gun with a 7.7-rn stroke will be used. It will produce im-iAWTOIWIAV UlAL Ja-Mz.Ls#c ns
f pact velocities up to 40 rn/sec. Impact profiles, including Fig. t Perfortnance en eloe ofý U.SAir Firee-6.lrxition-

half sine, sawtooth, triangular, rectangular, and trapezoidal, d&vle.i -4up to 200 g's, will be produced by a variable pcsition decoier;-
tor with interchangable mechanisms. Two maiinr features (if toktioh of the sine wave input aeoclefatirn,.including efoss-
this device will be the capability to produce symmetric dc- axis distortion .(acceleration in other'iin than tie nneipleaxis
celeration profiles with rebound and also oscillatory- &uclera- of vibration), is less than 10% a't.fquispto1cefr

- ~ tion patterns. It will also be possible to reposition the sub- a 2.0ji iniput -Vibrafloa in the vertilalF plane.17 Ifih-fre-
ject during impact. This will more closely simulate tfe con. quency (usuially harmoalc) -distor1on is -fountdl in all -r'ep-. vi-

*ditions occurring during initial escape from aerospace vehicles. bration devices. ThieAlevel requii'e for this distortilon to
To aid in decelerator development, a 12.8 m vertical impact -exert s_1ignificant-influenice-on, humrhn ,teat results as a himo-
towver has been constructed and is now being used-tu evaluate tio of fr;qac iintkii rmanprtnls
various decelerationplrinciples. Trhis (device, when completed, pcn~vaeaii~ta prahtesdi~~ift"
will provide a unique tool in impact research. of- ihe-aird&f~o )ceatasnoofo h e orf

the~ffan in the'f~eiieiAO.rr~ge abeveý Ale0iac~~ vi-
Vibration Devices brations~are-relativety easily daimpedbýi-eithiert .,-t UPIf)pitA

Western Gear vibration machine system or the man's own-tissues."

This mechanical device, shown in Fig. 6, produces sinusoidal Vertical accelerator
vibration in either the vertical or horizontal direction (not Ti savria irto ahn'ein4( eaeao
simultaneously). Shown mounted on the table is an adjust- Thsia etiavbrte acieeged(dcdego
able plate sup~port system developed to permit standnrdizra- specifically for the-simulation of'the acceleration rprodueed by
tion of the degree of support and restraint over a, range- of vertical gusting en'countered- during. 'lo--ailtitude high-.sp~eed
sizes of subjects-used in human tests with this device. The flight" The device onsists-of a rotatir,-driim 61cm in di-
Western Gear table has a maximum double~ amplitude, of 23 avieter ýand- 9-b 15 -rhigh, and is~showuin Fig. 8. It~has a
em and operates in the 1-20 cps range. The maximum amundbeaiiiu o3innd-ertsnth
of increase of (lisplacement-is 75 mm/sec. Its single ainjli- ~ ~srne Ti eircnb rg~pd _opodc
tude, neak acceleration cap~ability is shown as a function of liithed peind ori rando acceleration s -up i t iny'o dislaemen
freque~ncy in Fig. 7, which compares thi.. ~ivth the performanc Pioe ntsis faclrto otu t eylorqen'

of .*.. .. velocity lin-utedan the intermediate ranige, and acceleration
ofother vibration devices described below. The total die limited 2at- the upper frequencies. Its--performaiice is also

summarized- if--F ig. 7. 1In operation, the ilarge center drum
rotates at a constant speed. The platform, carrying the man,I
engages tfhe rotating.,drum through small tire-e6vered wheels

-- located around the circumference of the-druim. The motion
of the wh' eels is svnchronoul-porne' to drive -the -car-

- riage upand dow-n the rotating drum.

- - Il.vwdmesdlc vibragion-ta6~e
- - - This vibautina device, currently undecr coi~truction,-i

- m.APe vertical linear vibration table that will operate from a
a'mu ouble arnijitude is 25 cm; itoeae nh -30

-p Cl 'eueiicyi ingo Itý will be mainly,-used to, produce a
Z CMrfinihiy c~i rolle, j~eiacie input for theoretical studies al-

-dug i itcn'beit ' prgaimt. f-;or i~ohinusoidal andrandomn
vibrationi. i;ts perorsiaie is sumarmffi ifriz Fig. 7.

- --- This simulatbr curetl pe~lsule~s rwid-yh
Fig. 6 Western t'oa Iro taie drtalicaiouators (suppeliedyi a 7501) htwrin thii; thtt
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'Fig. 10- Model of-the-AMRL dynamic esealnm -imuntlagor.

be utilized in initial studies. The operating range of this de-
vice makes it a unique simulator not presently duplicated else-
where. Figure 7 compares the performance characteristics
of the several vibration devices discussed previously in terms
of peak single amplitude acceleration as a function of fre-
quency. The range of operation of one additional device, the
Dynamic Acceleration Simulator, under study by the Air
Force Flight Dynamics Laboratory, is also shown."' It will
be a five-degree-of-freedom simulator-that provides the capa-
bility to duplicate more completely the actual complex en-
vironment for low-altitude high-speeu ,light buffeting.

Dynamic escape simulator (DES)-

Figure 10 shows a model of the DES that is now being in-
stalled. It is a single-armed centrifuge with a radius of

Fig. 8 AMRL vertical accelerator. 5.7 m (center of rotation to center of gondola). A double
gimbal permits 3600 rotation through either gimbal axis of

can be programmed to produce translational vibration in three the gondola. The main arm produce3 centripetal accelera-
directions and angular oscillation in three directions."2 As tion of up to 20 g with onset rates of up to 10 g/sec. The in-
shown in Fig. 9, these six degrees of freedom may be produced terclhangable gondola is 3 m in diameter and may be pres-
either singly or in combination, and the device may be pro- surized to ý-620 mm Hg from sea level. Temperature may
grarmned to simulate complex vibrations occurring under be controlled over the 0o-700 range, and humidity can be
operational conditions (such 9. spacecraft vibration)- within varied between 5 and 95%. In the gondola is a vibration table
its displacement, velocity, and acceleration limitations. The on which the subject rides. It is a six-degree-of-freedom
maximum double amplitude ib 25 cm for vertical and 20 cm platform with a 30-cm maximum double amplitude and a 15-g
for horizontal translation and :t 15* in pitch, roll, and yaw. single peak maximum. This device will also be unique in its
The maximum single amplitude peak acceleration is 15 g. perfornance, satisfying many of the requirements for simula-
This device differs from complex flignt simulators in that it tion of the escape environment and the complex acceleration
produces large accelerations-rather than large displacements. environment a.ssociated with boost and re-entry in rocket

It is ultimately capable of operation -in the closed-loop con-
figuration with the nmn in the circuit, but this option will ne, la0 A I ....... . . .I . ...

ITO'PRESSURE CHAWER
HOMMTAL 70-RANGE OF OPERATION•' ~ ~TRASV•' 6

FIOG, AFTOML04WER

YAW POSITIONLSCN IT

IFig. 9 A rtst'ts-cooicept'of'AMR e lz-deGre~o- -ft ecdom- Fig. 11 Pertformancc characeterlstlcs of he AMRL dynamic" r e e d e o e
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